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(57) ABSTRACT

A driving circuit for a single-phase-brushless motor,
includes: a driving-signal-generating circuit to generate a
driving signal for supplying, to a driving coil of the single-
phase-brushless motor, first- and second-driving currents,
alternately with a de-energized period therebetween during
which neither of the first or the second driving current is
supplied to the driving coil; an output circuit to supply the first
or the second driving current to the driving coil in response to
the driving signal; and a zero-cross detecting circuit to detect
a zero cross of an induced voltage, generated across the driv-
ing coil, during the de-energized period, wherein the driving-
signal-generating circuit determines a length of a subsequent
energized period based on a driving cycle from a start of an
energized period, during which the output circuit supplies the
first or the second driving current to the driving coil, to a time
when the zero-cross-detecting circuit detects the zero cross.
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1
SINGLE-PHASE BRUSHLESS MOTOR DRIVE
CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority to Japanese
Patent Application No. 2011-132551, filed Jun. 14, 2011, of
which full contents are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a driving circuit for a
single-phase brushless motor.

2. Description of the Related Art

A brushless motor among DC motors has advantages such
as its long life since it does not use any brush or commutator.
By employing a single-phase brushless motor disclosed in
Japanese Laid-Open Patent Publication No. 2008-312440,
for example, only one position detecting device such as a Hall
element is sufficient, a single phase is also sufficient in the
driving circuit, and thus cost and size, etc., can be reduced.

Whereas, in a common single-phase brushless motor, a
stop position exists which is referred to as “dead (locked)
point” at which a rotor (rotator) thereof does not rotate even
when a driving current starts to be supplied to a driving coil
thereof. Thus, the single-phase brushless motor in Japanese
Laid-Open Patent Publication No. 2008-312440 takes coun-
termeasures to prevent the dead point by stopping at a posi-
tion where the center of permanent magnets thereof and the
center of the driving coil are deviated from each other. Fur-
ther, a driving control circuit is also disclosed therein that
applies a voltage generating a current in the direction opposite
to that of an induced voltage (counter electromotive voltage)
generated across the driving coil, thereby realizing improve-
ment in efficiency, reduction in vibration and noise, etc.

As such, taking the countermeasures against the dead point
and using the techniques to reduce vibration and noise as
above enable the single-phase brushless motor to be used in
various uses such as a fan motor.

Since the single-phase brushless motor is able to be con-
figured to be small in size at a low cost, a suitable use may be
a vibration motor used for a vibration function of a cellular
telephone to let a user know arrival of a call, for example.
Especially, when it is used as the vibration motor, a rectan-
gular wave, more likely to generate vibrations, may be used as
a driving signal, and thus the motor driving circuit can be
reduced in a circuit scale, and a motor driving IC can be
reduced in cost and size.

Further, among motor driving ICs, a motor driving IC is
also known that incorporates therein a Hall element to detect
a rotation position of a rotor. However, since such a Hall-
element-incorporating IC needs to be mounted in the interior
of the motor, the effect of the miniaturization thereof is
reduced. Further, since an error arises in the precision for
detecting the rotation position of the rotor due to character-
istics of the Hall element itself during the manufacture of the
1C, atest to apply amagnetic field is required before shipment
of'the motor. Thus, the effect achieved by the cost reduction is
reduced.

SUMMARY OF THE INVENTION

A driving circuit for a single-phase brushless motor
according to an aspect of the present invention includes: a
driving signal generating circuit configured to generate a
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2

driving signal for supplying, to a driving coil of the single-
phase brushless motor, a first driving current and a second
driving current opposite in direction to the first driving cur-
rent, in an alternate manner with a de-energized period ther-
ebetween during which neither of the first driving current or
the second driving current is supplied to the driving coil; an
output circuit configured to supply the first or the second
driving current to the driving coil in response to the driving
signal; and a zero-cross detecting circuit configured to detect
a zero cross of an induced voltage, generated across the driv-
ing coil, during the de-energized period, the driving signal
generating circuit further configured to determine a length of
a subsequent energized period based on a driving cycle from
a start of an energized period, during which the output circuit
supplies the first or the second driving current to the driving
coil, to atime when the zero-cross detecting circuit detects the
Zero Cross.

Other features of the present invention will become appar-
ent from descriptions of this specification and of the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For more thorough understanding of the present invention
and advantages thereof, the following description should be
read in conjunction with the accompanying drawings, in
which:

FIG. 1is acircuit block diagram illustrating a configuration
of an entire driving circuit for a single-phase brushless motor
according to an embodiment of the present invention;

FIG. 2 is a circuit block diagram illustrating an example of
specific configurations of an output circuit 20 and an induced
voltage detecting circuit 30;

FIG. 3 is a circuit block diagram illustrating an example of
a specific configuration of an edge detecting circuit 50;

FIG. 4 is a diagram for explaining an operation of a motor
driving circuit 1 in a starting-up mode according to an
embodiment of the present invention;

FIG. 5 is a diagram illustrating an example of a start-up
count (energized time period) set in advance for each loop
count value (the number of energizations) in a starting-up
mode;

FIG. 6 is a diagram for explaining an operation of a motor
driving circuit 1 in a normal mode according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

At least the following details will become apparent from
descriptions of this specification and of the accompanying
drawings.
=—=Configuration of Entire Driving Circuit for Single-Phase
Brushless Motor=—==

A configuration of an entire driving circuit for a single-
phase brushless motor according to an embodiment of the
present invention will hereinafter be described with reference
to FIG. 1.

A motor driving circuit 1 depicted in FIG. 1 is a circuit to
drive a single-phase brushless motor including a driving coil
9, and is configured as an integrated circuit including at least
output terminals 91 and 92 connected to the driving coil 9.
The motor driving circuit 1 includes a main counter 11, a
driving cycle storing register 12, an energized time period
setting register 13, a loop counter 14, a selecting circuit 15, a
timing control circuit 16, a NOR circuit (NOT-OR circuit) 17,
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an output circuit 20, an induced voltage detecting circuit 30,
a comparator (comparator) 40, and an edge detecting circuit
50.

In an embodiment of the present invention, the main
counter 11, the driving cycle storing register 12, the energized
time period setting register 13, the loop counter 14, the select-
ing circuit 15, and the timing control circuit 16 are equivalent
to a driving signal generating circuit. The induced voltage
detecting circuit 30, the comparator 40, and the edge detect-
ing circuit 50 are equivalent to a zero-cross detecting circuit.

A clock signal CLK (predetermined clock) is inputted to a
CK input (clock input) of the main counter 11 (first counter
circuit), and an edge detection signal EG outputted from the
edge detecting circuit 50 is inputted to a CL input (clear input)
thereof. A main count value CNT is outputted from the main
counter 11.

The main count value CNT and the edge detection signal
EG are inputted to the driving cycle storing register 12, and a
normal-operation count value Ton is outputted from the driv-
ing cycle storing register 12. A start-up count values T1 to T10
set in advance for each loop count value LP outputted from
the loop counter 14 are outputted from the energized period
setting register 13.

The edge detection signal EG is inputted to a CK input of
the loop counter 14 (second counter circuit), and the loop
count value LP is outputted from the loop counter 14. The
selecting circuit 15 is configured as an eleven-input, one-
output multiplexer, and the loop count value LP is inputted to
a select control input thereof. Further, the start-up count val-
ues T1 to T10 are respectively inputted to corresponding data
inputs in the case where the loop count values LP are 1 to 10,
and the normal-operation count value Ton is inputted to a
corresponding data input in the case where the loop count
value LP is equal to or greater than 11.

The timing control circuit 16 is inputted with the least
significant bit (hereinafter, referred to as “odd-even bit LP
[0]7) that indicates whether the loop count value LP is an odd
number or an even number, together with the main count
value CNT and an output value of the selecting circuit 15.
Driving signals S1 and S2 are outputted from the timing
control circuit 16. Further, the driving signals S1 and S2 are
inputted to the NOR circuit 17, and a high impedance signal
HZ is outputted from the NOR circuit 17.

The driving signals S1 and S2 are inputted to the output
circuit 20, and output nodes of the output circuit 20 are
connected to the driving coil 9 through the output terminals
91 and 92. Respective voltages V1 and V2 of the output
terminals 91 and 92 are inputted to the induced voltage detect-
ing circuit 30. An output voltage Vout of the induced voltage
detecting circuit 30 is applied to a non-inverting input of the
comparator 40, and a reference voltage Vref is applied to an
inverting input thereof. A comparison result signal CP is
outputted from the comparator 40. The comparison result
signal CP and the high impedance signal HZ are inputted to
the edge detecting circuit 50, and the edge detection signal
EG is outputted from the edge detecting circuit 50.
==Configurations of Output Circuit and Induced Voltage
Detecting Circuit=——=

More specific configurations of the output circuit 20 and
the induced voltage detecting circuit 30 will be described with
reference to FIG. 2.

The output circuit 20 depicted in FIG. 2 is configured as an
H-bridge circuit including output transistors M1 to M4. Here-
inafter, a description will be given, as an example, of a case
where the output transistors M1 and M2 are PMOS (P-chan-
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nel Metal-Oxide Semiconductor) transistors and the output
transistors M3 and M4 are NMOS (N-channel MOS) transis-
tors.

The output transistor M1 is connected in series to the
output transistor M3, and the output transistor M2 is con-
nected in series to the output transistor M4. The sources of the
output transistors M1 and M2 are both connected to a power
source VCC, and the sources of the output transistors M3 and
M4 are both connected to the ground. Further, the driving
signal S1 is inputted to both of the gates of the output tran-
sistors M1 and M4, and the driving signal S2 is inputted to
both of the gates of the output transistors M2 and M3. A
connection point between the output transistors M1 and M3 is
connected to the output terminal 91, and a connection point
between the output transistors M2 and M4 is connected to the
output terminal 92.

The induced voltage detecting circuit 30 depicted in FIG. 2
is configured as a differential amplifier circuit including resis-
tors R1 to R4 and an Op Amp (operational amplifier) OP. One
end of the resistor R1 is connected to the output terminal 92
and the other end thereof is connected to an inverting input of
the operational amplifier OP. One end of the resistor R2 is
connected to the output terminal 91 and the other end thereof
is connected to a non-inverting input of the operational ampli-
fier OP. One end of the resistor R3 is connected to the invert-
ing input of the operational amplifier OP and the other end
thereof is connected to an output of the operational amplifier
OP. One end of the resistor R4 is connected to the non-
inverting input of the operational amplifier OP and the other
end thereof is applied with the reference voltage Vref.
==Configuration of Edge Detecting Circuit=—

A more specific configuration of the edge detecting circuit
50 will be described with reference to FIG. 3.

The edge detecting circuit 50 depicted in FIG. 3 includes
delay circuits 51 and 53, an XOR circuit (exclusive-OR cir-
cuit) 52, and an AND circuit (logical multiplication circuit)
54.

The comparison result signal CP is inputted to the delay
circuits 51. The comparison result signal CP and an output
signal of the delay circuit 51 are inputted to the XOR circuit
52. A both-edge signal EGrf is outputted from the XOR
circuit 52. The high impedance signal HZ is inputted to the
delay circuit 53, and a mask signal MS is outputted from the
delay circuit 53. The both-edge signal EGrf and the mask
signal MS are inputted to the AND circuit 54, and the edge
detection signal EG is outputted from the AND circuit 54.
==Operation of Driving Circuit for Single-Phase Brushless
Motor=—=

An operation of the driving circuit for the single-phase
brushless motor according to an embodiment of the present
invention will hereinafter be described.

The main counter 11 counts using the clock signal CLK,
and outputs the main count value CNT that is incremented by
one. The main counter 11 is reset and the main count value
CNT is cleared every time the pulsed edge detection signal
EG is inputted thereto. In practice, because the bit number of
the main counter 11 is limited, when the main counter 11
counts to a predetermined count value (e.g., full count value),
for example, the main counter 11 stops counting until it is
reset.

The driving cycle storing register 12 stores therein the main
count value CNT which is immediately before being cleared,
as a driving cycle, every time the edge detection signal EG is
inputted thereto. The driving cycle includes an “energized
period” during which a driving current is supplied to the
driving coil 9 and a subsequent “de-energized period” during
which no driving current is supplied to the driving coil 9, as
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will be described later. The driving cycle storing register 12
outputs a value acquired by multiplying the main count value
CNT (driving cycle) stored therein by a predetermined coef-
ficient “a” (0<a<1), as the normal-operation count value Ton
that indicates a length of the energized period in the subse-
quent driving cycle.

The loop counter 14 counts every time the edge detection
signal EG is inputted thereto, and outputs the loop count value
LP that is incremented by one. Therefore, the loop counter 14
counts the number of the driving cycles from the starting up of
the motor driving circuit 1, i.e., the number of energized
periods, and the loop count value LP indicates the number of
energizations of the driving coil 9 from the starting up of the
motor driving circuit 1. The energized time period setting
register 13 has the start-up count values T1 to T10 stored
therein that each indicate an energized period set in advance
for each loop count value LP from 1 to 10.

The selecting circuit 15 outputs the start-up count values
T1 to T10 respectively when the loop count values LP are one
to 10, and outputs the normal-operation count value Ton when
the loop count value LP is equal to or greater than 11. In
practice, because the bit number of the loop counter 14 is
limited, when the loop counter 14 counts to a value (e.g., 11)
for the selecting circuit 15 to output the normal-operation
count value Ton, for example, the loop counter 14 changes
only the least significant bit (odd-even bit LP[0]) of the loop
count value LP.

The timing control circuit 16 outputs the driving signals S1
and S2 based on the main count value CNT, and the output
circuit 20 supplies the driving current to the driving coil 9 in
response to the driving signals S1 and S2. Hereinafter, a
driving current (first driving current) flowing through the
driving coil 9 in the direction from the output terminal 91 to
the output terminal 92 is referred to as “positive current”, and
a driving current (second driving current) flowing there-
through in the direction opposite to that of the positive current
is referred to as “negative current”.

More specifically, during a time period from the time when
the main count value CNT is cleared by the edge detection
signal EG to the time when it reaches an output value of the
selecting circuit 15, the timing control circuit 16 sets one of
the driving signals S1 and S2 high (at ahigh level). The output
circuit 20 supplies, to the driving coil 9, the positive current
(when the driving signal S1 is high) or the negative current
(when the driving signal S2 is high).

Whereas, during a time period from the time when the main
count value CNT reaches the output value of the selecting
circuit 15 to the time when it is cleared by the edge detection
signal EG, the timing control circuit 16 sets both of the
driving signals S1 and S2 low (at a low level). The output
circuit 20 supplies neither of the positive current and the
negative current to the driving coil 9.

The timing control circuit 16 switches the driving signal,
which is to be high during the energized period, in response to
the odd-even bit LP[0]. Thus, the timing control circuit 16
switches between the positive current and the negative current
to be supplied by the output circuit 20 to the driving coil 9,
every time the odd-even bit LP[0] is changed by the edge
detection signal EG.

As such, the timing control circuit 16 controls the ener-
gized period and the de-energized period, and the output
circuit 20 supplies the positive current and the negative cur-
rent to the driving coil 9 in an alternate manner with the
de-energized period therebetween in accordance with the
control of the timing control circuit 16. The NOR circuit 17
outputs the high impedance signal HZ which is high during
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the de-energized period during which the driving signals S1
and S2 both are low and the output of the output circuit 20 is
in a high impedance state.

The induced voltage detecting circuit 30 amplifies a differ-
ential voltage V1-V2 of the voltages V1 and V2 and outputs
the amplified voltage, thereby detecting an induced voltage
generated across the driving coil 9 during the de-energized
period. In this case, by satistying the relationship of R1=R2
and R3=R4, the output voltage Vout of the induced voltage
detecting circuit 30 results in

Vout=Vref+(R3/R1)-(V1-172).

The comparator 40 compares the output voltage Vout with the
reference voltage Vref, and outputs the comparison result
signal CP, which goes high when the comparison result is
Vout>Vref, that is, when the differential voltage V1-V2 is
positive, and which goes low when it is negative.

The XOR circuit 52 of the edge detecting circuit 50 detects
arising edge and a falling edge of the comparison result signal
CP by acquiring the exclusive-OR of the comparison result
signal CP and a delay signal thereof (output signal of the
delay circuit 51), and outputs the pulsed both-edge signal
EGrf. Thus, the both-edge signal EGrfindicates the timing of
a zero cross at which the sign of the differential voltage
V1-V2 switches from positive to negative or form negative to
positive.

The delay circuit 53 outputs the mask signal MS acquired
by delaying the high impedance signal HZ, so as to mask the
zero cross due to the driving current passed through the driv-
ing coil during the energized period (positive current or nega-
tive current) and/or by a regenerative current passed when the
period is shifted from the energized period to the de-ener-
gized period. The AND circuit 54 masks the both-edge signal
EGrfusing the mask signal MS and outputs the edge detection
signal EG.

As such, the zero-cross detecting circuit (the induced volt-
age detecting circuit 30, the comparator 40, and the edge
detecting circuit 50) detects the zero cross of the induced
voltage generated across the driving coil 9 during the de-
energized period, and outputs the pulsed edge detection sig-
nal EG.
==Specific Example of Operation of Driving Circuit for
Single-Phase Brushless Motor——=

A specific example of an operation of the driving circuit for
the singe-phase brushless motor according to an embodiment
of the present invention will be described with reference to
FIGS. 4 to 6 as appropriate. Hereinafter, an operation mode in
which the loop count value LP is from 1 to 10 will be referred
to as “starting-up mode”, and an operation mode, which fol-
lows thereafter, will be referred to as “normal mode”. A
positive current flows through the driving coil 9 when the loop
count value LP is an odd number (LP[0]=1), and a negative
current flows through the driving coil 9 when the loop count
value LP is an even number (LP[0]=0).

An operation of the motor driving circuit 1 in the starting-
up mode (LP=<10) will be described with reference to FIG. 4.
The starting-up mode indicates an operation mode from the
start-up of the motor driving circuit 1 to the tenth driving
cycle. FIG. 4 depicts the first to the fourth driving cycles.

When the motor driving circuit 1 is started up, the main
counter 11 starts counting using the clock signal CLK, and the
first driving cycle (LP=1) is started. The timing control circuit
16 sets the driving signal S1 high, and sets the driving signal
S2 low, thereby starting the supply of the positive current
from the output circuit 20 to the driving coil 9. During the
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energized period of the positive current, the differential volt-
age V1-V2 is positive, and the comparison result signal CP is
high.

During the energized period of the positive current, when
the main count value CNT reaches a start-up count value T1
(CNT=T1), the timing control circuit 16 sets both of the
driving signals S1 and S2 low, thereby stopping the supply of
both of the positive current and the negative current from the
output circuit 20 to the driving coil 9. When the energized
period shifts to the de-energized period, a zero cross occurs
due to the regenerative current, however, the zero cross is
masked by the mask signal MS acquired by delaying the high
impedance signal HZ by a delay time period D1 of the delay
circuit 53.

During the de-energized period, when the zero-cross
detecting circuit detects the zero cross of the induced voltage
generated across the driving coil 9 and outputs the edge
detection signal EG having a pulse width of a delay time
period D2 of the delay circuit 51, the main counter 11 is reset
and the main count value CNT is cleared (CNT=0). Further,
the loop count value LP is incremented and the second driving
cycle (LP=2) is started. The timing control circuit 16 sets the
driving signal S1 low and sets the driving signal S2 high,
thereby starting the supply of the negative current from the
output circuit 20 to the driving coil 9. During the energized
period of the negative current, the differential voltage V1-V2
is negative and the comparison result signal CP is low.

During the energized period of the negative current, when
the main count value CNT reaches a start-up count value T2
(CNT=T2), the timing control circuit 16 sets both of the
driving signals S1 and S2 low, thereby stopping the supply of
both of the positive current and the negative current from the
output circuit 20 to the driving coil 9.

During the de-energized period, when the zero-cross
detecting circuit detects the zero cross of the induced voltage
and outputs the edge detection signal EG, the main counter 11
is reset and the main count value CNT is cleared (CNT=0).
Further, the loop count value LP is incremented and the third
driving cycle (LP=3) is started. The timing control circuit 16
sets the driving signal S1 high and sets the driving signal S2
low, thereby starting the supply of the positive current from
the output circuit 20 to the driving coil 9 again.

As such, in the starting-up mode, the motor driving circuit
1 supplies the positive current or the negative current from the
output circuit 20 to the driving coil 9 only during the ener-
gized time periods indicated by the start-up count values T1 to
T10 respectively set in advance for loop count values LP, and
the energized period shifts to the de-energized period. When
the zero cross of the induced voltage generated across the
driving coil 9 is detected during the de-energized period, the
positive current and the negative current are switched,
thereby shifting to the energized period. Then, these opera-
tions are repeated until the tenth driving cycle (LP=10).

Here, by setting (the energized time periods indicated by)
the start-up count values T1 to T10 so as to decrease with
increase in (the number of energizations indicated by) the
loop count value LP, the motor driving circuit 1 are able to
smoothly start up the single-phase brushless motor from a
halting state to a high-speed rotation state. As depicted as an
example in FIG. 5, the start-up count values T1 to T10 are set
in advance to be substantially inversely proportional to the
loop count value LP. Setting the start-up count values T1 to
T10 as such enables the motor driving circuit 1 to further
quickly start up the single-phase brushless motor.

Next, an operation of the motor driving circuit 1 in the
normal mode (L.P=11) will be described with reference to
FIG. 6. The normal mode indicates an operation mode in the
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8

eleventh driving cycle and thereafter, and FIG. 6 depicts
(n-1Dth to (n+2)th driving cycles (“n” is an even number
equal to or greater than 12).

In the de-energized period in the (n-1)th driving cycle
(LP=n-1), when the zero-cross detecting circuit detects the
zero cross of the induced voltage and outputs the edge detec-
tion signal EG, the main counter 11 is reset and the main count
value CNT is cleared (CNT=0). Further, the driving cycle
storing register 12 stores therein the main count value CNT
which is immediately before being cleared, as well as outputs
the normal operation count value Ton acquired by multiply-
ing the stored main count value CNT by the coefficient “a”
(Ton=CNTxa). Here, the normal operation count value Ton
indicates the length of the energized period in the n-th driving
cycle (LP=n), and preferably, is set at about 70% of the whole
(n-1)th driving cycle (a=0.7).

Further, the loop count value LP is incremented and the
n-th driving cycle is started. Then, the timing control circuit
16 sets the driving signal S1 low and sets the driving signal S2
high, thereby starting the supply of the negative current from
the output circuit 20 to the driving coil 9.

In the energized period in the n-th driving cycle, when the
main count value CNT reaches the normal operation count
value Ton (CNT=Ton), the timing control circuit 16 sets both
of the driving signals S1 and S2 low, thereby stopping the
supply of both of the positive current and the negative current
from the output circuit 20 to the driving coil 9.

In the de-energized period, when the zero-cross detecting
circuit detects the zero cross of the induced voltage and out-
puts the edge detection signal EG, the main counter 11 is reset
and the main count value CNT is cleared (CNT=0). Further,
the driving cycle storing register 12 stores therein the main
count value CNT which is immediately before being cleared,
as well as outputs the normal operation count value Ton
(Ton=CNTxa). Further, the loop count value LP is incre-
mented and the (n+1)th driving cycle (LP=n+1) is started. The
timing control circuit 16 sets the driving signal S1 high and
sets the driving signal S2 low, thereby starting the supply of
the positive current from the output circuit 20 to the driving
coil 9.

As such, in the normal mode, the motor driving circuit 1
supplies the positive current or the negative current from the
output circuit 20 to the driving coil 9 only during the ener-
gized time period indicated by the normal operation count
value Ton which is acquired by multiplying the main count
value CNT stored in the driving cycle storing register 12 by
the predetermined coefficient “a” (0<a<l), and the period
shifts to the de-energized period. In the normal mode started
after the single-phase brushless motor is started up in the
starting-up mode, since variations in the driving cycle are
small, the length of the subsequent energized period is deter-
mined, at each time, to correspond to a predetermined pro-
portion to the whole driving cycle immediately before the
current cycle. Similarly to the starting-up mode, when the
zero cross of the induced voltage generated across the driving
coil 9 is detected during the de-energized period, between the
positive current and the negative current are switched,
thereby shifting to the energized period. These operations are
repeated in each driving cycle.

As described above, in the motor driving circuits 1, while
the positive current and the negative current are being sup-
plied to the driving coil 9 in an alternate manner with the
de-energized period therebetween, in the normal mode after
the starting up of the single-phase brushless motor, the length
of'the subsequent energized period is determined at each time
based on the driving cycle including the energized period for
energizing the driving coil 9 and the subsequent de-energized
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period, thereby being able to drive the single-phase brushless
motor without using any position detecting element such as a
Hall element. Thus, miniaturization of the motor is enabled:
by reducing the height of the motor by further reducing the
thickness of the chip of the motor driving IC; and/or by
mounting the IC on the exterior of the motor. Even when the
IC is mounted on the interior of the motor, the variation in the
position for the IC to be mounted does not effect on the
precision in detecting the rotation position of the rotor, and
the cost of the motor may be reduced by simplifying the
manufacture process of the motor, as well as reduction in cost
of the IC can be reduced by reducing the testing man-hours
before shipment.

In the starting-up mode from the time of the starting up of
the motor driving circuit 1 to the time when the number of
energizations of the driving coil 9 reaches the predetermined
number of times, the energized time period is set in advance
s0 as to be reduced with an increase in the number of energi-
zations, thereby being able to smoothly start up the single-
phase brushless motor from its halting state to its high-speed
rotation state.

Furthermore, the energized time period is set in advance so
as to be substantially inversely proportional to the number of
energizations, thereby being able to start up the single-phase
brushless motor more quickly.

In the normal mode, the value acquired by multiplying the
main count value CNT immediately before being cleared in
response to the edge detection signal EG, by the predeter-
mined coefficient “a” (0<a<1) is set as the normal-operation
count value Ton indicating the length of the energized period
in the next driving cycle, thereby being able to control the
energized time period and the de-energized period in the
normal mode based on the main count value CNT.

In the starting-up mode until the time when the loop count
value LP reaches the predetermined value, the start-up count
values T1 to T10 are set in advance such that the energization
width is reduced with an increase in the loop count value LP,
thereby being able to control the energized time period and
the de-energized period in the starting-up mode based on the
main count value CNT and the loop count value LP.

In embodiments described above, the operation mode in a
period when the loop count values LP is one to 10 is given as
the starting-up mode. However, the number “m” ofloop count
values LP to set the starting-up mode may be varied as appro-
priate. In this case, the number m of start-up count values T1
to Tm are set in advance respectively for the loop count values
LP one to m, and are stored in the energized time period
setting register 13.

The above embodiments of the present invention are sim-
ply for facilitating the understanding of the present invention
and are not in any way to be construed as limiting the present
invention. The present invention may variously be changed or
altered without departing from its spirit and encompass
equivalents thereof.

What is claimed is:

1. A driving circuit for a single-phase brushless motor,

comprising:

a driving signal generating circuit configured to generate a
driving signal for supplying, to a driving coil of the
single-phase brushless motor, a first driving current and
a second driving current opposite in direction to the first
driving current, in an alternate manner with a de-ener-
gized period therebetween during which neither of the
first driving current or the second driving current is
supplied to the driving coil;
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an output circuit configured to supply the first or the second
driving current to the driving coil in response to the
driving signal; and

a zero-cross detecting circuit configured to detect a zero
cross of an induced voltage, generated across the driving
coil, during the de-energized period,

the driving signal generating circuit further configured to
determine a length of a subsequent energized period
based on a driving cycle from a start of an energized
period, during which the output circuit supplies the first
or the second driving current to the driving coil, to a time
when the zero-cross detecting circuit detects the zero
Cross.

2. The driving circuit for a single-phase brushless motor of

claim 1, wherein

the driving signal generating circuit is configured to gen-
erate the driving signal for supplying the first or the
second driving current from the output circuit to the
driving coil only during an energized time period, until
the number of energizations of the driving coil after
starting-up reaches a predetermined number of times,
the energized time period set in advance so as to be
reduced with an increase in the number of energizations.

3. The driving circuit for a single-phase brushless motor of

claim 2, wherein

the energized time period is set in advance so as to be
substantially inversely proportional to the number of
energizations.

4. A driving circuit for a single-phase brushless motor,

comprising:

a driving signal generating circuit configured to generate a
driving signal for supplying, to a driving coil of the
single-phase brushless motor, a first driving current and
a second driving current opposite in direction to the first
driving current, in an alternate manner with a de-ener-
gized period therebetween during which neither of the
first driving current or the second driving current is
supplied to the driving coil;

an output circuit configured to supply the first or the second
driving current to the driving coil in response to the
driving signal; and

a zero-cross detecting circuit configured to detect a zero
cross of an induced voltage generated across the driving
coil, during the de-energized period, wherein
the driving signal generating circuit is further configured

to determine a length of a subsequent energized
period based on a driving cycle from a start of an
energized period, during which the output circuit sup-
plies the first or the second driving current to the
driving coil, to a time when the zero-cross detecting
circuit detects the zero cross; and wherein

the driving signal generating circuit includes

a first counter circuit configured to count using a prede-
termined clock, and reset every time the zero-cross
detecting circuit detects the zero cross,

a register configured to store, as the driving cycle, a
count value acquired immediately before the first
counter circuit is reset, every time the zero-cross
detecting circuit detects the zero cross, and

a timing control circuit configured to control the ener-
gized period and the de-energized period by output-
ting the driving signal based on a count value of the
first counter circuit, wherein

the timing control circuit is further configured to,
every time the zero-cross detecting circuit detects the

zero cross, switch between the first driving current
and the second driving current, and cause the first or
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the second driving current to start to be supplied from
the output circuit to the driving coil, and
when the count value of the first counter circuit reaches
a value acquired by multiplying the driving cycle
stored in the register by a predetermined coefficient
greater than zero and smaller than one, cause both the
first and the second driving currents to stop being
supplied from the output circuit to the driving coil.
5. The driving circuit for a single-phase brushless motor of
claim 4, wherein
the driving signal generating circuit further includes a sec-
ond counter circuit configured to count the number of
energizations of the driving coil from starting-up, and
wherein
the timing control circuit is further configured to, when the
count value of the first counter circuit reaches a value set
in advance so as to be reduced with an increase in a count
value of the second counter circuit, cause both the first
and the second driving currents to stop being supplied
from the output circuit to the driving coil, during a time
period until a time when the count value of the second
counter circuit reaches a predetermined value.
6. The driving circuit for a single-phase brushless motor of
claim 4, wherein
the driving signal generating circuit is configured to gen-
erate the driving signal for supplying the first or the
second driving current from the output circuit to the
driving coil only during an energized time period, until
the number of energizations of the driving coil after
starting-up reaches a predetermined number of times,
the energized time period set in advance so as to be
reduced with an increase in the number of energizations.
7. The driving circuit for a single-phase brushless motor of
claim 6, wherein the energized time period is set in advance so
as to be substantially inversely proportional to the number of
energizations.
8. The driving circuit for a single-phase brushless motor of
claim 1, wherein
the driving signal generating circuit is configured to gen-
erate the driving signal for supplying the first or the
second driving current from the output circuit to the
driving coil only during an energized time period, until
the number of energizations of the driving coil after
starting-up reaches a predetermined number of times,
the energized time period set in advance so as to be
reduced with an increase in the number of energizations;
and
the energized time period is set in advance so as to be
substantially inversely proportional to the number of
energizations.
9. A method for driving a single phase brushless motor,
comprising:
in a first operating mode:
generating a first plurality of drive signals wherein each
drive signal has first and second periods and wherein the
first plurality of drive signals for supplying the first
driving current or a second driving current in response to
operating in the first periods of the first plurality of drive
signals until a number of energizations of a driving coil
after starting-up reaches a predetermined number of
times and setting a time period of the first periods in
advance so as to be reduced with an increase in the
number of energizations; and

10

15

20

25

30

35

40

45

50

55

60

12

determining a length of a subsequent first period of succes-
sive drive signals based on a driving cycle from a start of
a previous first period, during which the output circuit
supplies a drive current to a driving coil, to a time when
an induced voltage generated across the driving coil
Crosses zero.

10. The method of claim 9, wherein determining the length
of the subsequent first period of successive drive signals
includes determining the length of the subsequent first period
during which the output circuit supplies the first driving cur-
rent or the second driving current to the driving coil.

11. The method of claim 9, wherein setting the time period
of'the first period in advance includes setting the time period
of'the first period to be substantially inversely proportional to
the number energizations.

12. The method of claim 9, wherein the first period of
successive drive signals is shorter than the first period of a
preceding drive signal and the second period of successive
drive signals is shorter than the second period of the preced-
ing drive signal.

13. The method of claim 9, further including:

in a second operating mode,

generating a second plurality of driving signals, wherein

the driving signal generating circuit determines a length
of a subsequent first period of a subsequent driving
signal based on a measured driving cycle in response to
a time from a driving signal generating circuit generat-
ing a first current to a time at which a zero cross of an
induced voltage is detected, and the driving signal gen-
erating circuit determines a length of an immediately
previous first period as a length of a subsequent first
period where an induced voltage is absent.

14. The method of claim 9, wherein generating the first
plurality of drive signals includes generating a predetermined
number of drive signals.

15. The method of claim 14, further including starting
detection of the zero cross of the induced voltage after the
predetermined number of drive signals has elapsed and from
a beginning of the second period of a subsequent cycle until
the occurrence of a zero cross of the induced voltage signal.

16. The method of claim 9, wherein generating the second
plurality of driving signals comprises:

generating a first drive signal having first and second peri-

ods, wherein a current in the first period flows in a first
direction;

generating a second drive signal having first and second

periods, wherein the current in the second period flows
in as second direction, and wherein the second period of
the first drive signal is between the first periods of the
first and second drive signals.

17. The method of claim 16, wherein zero current flows
from the driving signal generating circuit in the second period
of' the first driving signal.

18. The method of claim 16, wherein generating the first
plurality of driving signals comprises:

generating a first drive signal having first and second peri-

ods, wherein a current in the first period flows from in a
first direction;

generating a second drive signal having first and second

periods, wherein the current in the second period flows
in a second direction, and wherein the second period of
the first drive signal is between the first periods of the
first and second drive signals.
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